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A fingerprint sensing system (200) includes a sheet 
prism ( 1 00) having a sensing surface (102) and a number of 
prismlets positioned opposite to the sensing surface, Each 
prismiet has an entrance surface and an exit surface, and is 
adjacent to another prismlet When a finger is positioned 
on the sensing surface, a portion of the radiation entering a 
number of the entrance surfaces and incident at the sensing 
surface is reflected through total internal reflection. The 
reflected radiation emits from a number of the exit surfaces 
to create an image of the fingerprint 
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A FINGERPRINT SENSING SYSTEM USING A SHEET PRISM 

BACKGROUND OF THE INVENTION 

The present invention relates generally lo sensing systems and more particularly to 
fingerprint sensing systems. 

Figure 1 shows a prior ait fingerprint sensing system using a single prism with three 
functional surfaces--the sensing surface, the entrance surface and the exit surface A finger is 
placed on the sensing surface of the prism An extended light source provides illumination 
for the entrance surface. The angle of incidence at the entrance surface is typically at about 
90 degrees, and the angle of incidence at the sensing surface is about 45 degrees, which is 
larger than the critical angle of the prism. One portion of the incident radiation at the sensing 
surface is reflected through total internal reflection, and another portion is not Where ridges 
on the finger are in contact with the sensing surface, light wilt be transmitted into or absorbed 
by the finger On the other hand, where there are grooves on the f inger, contacts are not 
made with the sensing surface, and the incident light is reflected from the sensing surface 
through total internal reflection. The reflected light emits from the exit surface and is 
focused by a lens to create a fingerprint image, which is dark where there are ridges and 
bright where there are grooves or where the finger is not in contact with the sensing surface 
The lens focuses the fingerprint light pattern onto an electronic detector array, such as a CCD 
earner a 

The single prism system creates a good image of a fingerprint Unfortunately, it is 
not applicable to many applications For example, if the system is for replacing a mechanical 
key for a door, the system is best mounted inside the door Foi such an application, in order 
to fit within the wooden surface of the door, the system has to be very thin and flat Due to 
the bulkiness of the prism, the single prism system occupies too much space.. 

It should be apparent from the foregoing that there is still a need for a fingerprint 
sensing system that is of similar accuracy as the single prism system, but does not occupy as 
much space 

SUMMARY 

The present invention provides a fingerprint sensing system that is of similar accuracy 
as the single prism system, but it does not occupy as much space, and is cheaper Instead of 
depending on a single bulky prism, the present invention employs a sheet prism with 
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numerous prismlets or very small prisms. The sheet prism is different from the prior art 
single bulk prism; it is vefy flat, with the width of the sheet being more than ten times the 
maximum thickness of any one of the pr ismlets With the bulky single pr ism replaced by the 
sheet prism, the overall thickness of the fingerprint sensing system is significantly reduced. 
In addition, the cost of the system is reduced because typically, the sheet prism is cheaper 
than the bulky single prism. 

In one embodiment, structurally, the sheet prism includes a sensing surface, and a 
number of prismlets positioned opposite to the sensing surface Each piismlet has an 
entrance surface and an exit surface, and each prismlet is adjacent to another prismlet 
Functionally, when a finger is positioned on the sensing surface, a portion of the illumination 
radiation illuminating the system, entering through a number of entrance surfaces and 
incident at the sensing surface is reflected through total internal reflection at the sensing 
surface The reflected r adiation emits from a number of the exit surfaces to create a 
fingerprint image 

In another embodiment, the fingerprint sensing system includes a second sheet prism 
stacked together with the above described sheet prism, whose prismlets f ace the flat surface 
of the second sheet prism Each prismlet of the second sheet has an exit surface The system 
also includes a lens to focus the radiation emitted from a number of the exit surfaces of the 
second prism to form the image, whose distortion is reduced due to the second sheet prism. 

In a third embodiment, the fingerprint sensing system with one sheet prism is 
incorporated into a flat-profile package using mirrors to fold radiation and to compress the 
height of the package The fingerprint sensing system made occupies a box that is about 
24mm high, 61mm wide and 73mm long, which is significantly flatter and about ten times 
smaller than commercially available systems. 

Other aspects and advantages of the present invention will become apparent from the 
following detailed description, which, when taken in conjunction with the accompanying 
drawings, illustrates by way of example the principles of the invention 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a prior art fingerprint sensing system using a bulky single prism 

Figures 2A-B show an example of a sheet prism lor the present invention 

Figure 3 shows an embodiment of the present invention with one sheet prism 

Figure 4 shows an image of a fingerprint produced by one example of the 
embodiment shown in Figure 3 

Figures 5A~B show distortion in an image of an object, if the object plane is not 
perpendicular to the optical axis of a lens 

Figure 6 shows an embodiment of the present invention with two sheet prisms 
Figure 7 shows the ray diagram for the lens in Figure 6. 

Figure 8 shows an image of a fingerprint produced by one example of the 
embodiment shown in Figure 6. 

Figure 9 shows an embodiment of a flat-profile package for the fingerprint sensing 
system of the present invention 

Same numerals in Figures 1-9 are assigned to similar elements in all the figures 
Embodiments of the invention are discussed below with reference to Figures 1-9 However, 
those skilled in the ait will readily appreciate that the detailed description given herein with 
respect to these figures is for explanatory pur poses as the invention extends beyond these 
limited embodiments 
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DETAILED DESCRIPTION OF THE INVENTION 

Figure 2A shows an example of a sheet prism 100 for the present invention It 
includes a sensing surface 102 and numerous prismlets, such as 104, 106 and 108, disposed 
on the opposite side of the sensing surface 102 The sensing surface includes a width 101 

Figure 2B shows a cross-sectional view of the three prismlets, 104, 106, 108 Each 
piismlet includes an entrance surface and an exit surface, such as 1 10 and 112. respectively. 
The entrance surf ace and the exit surface of each prisrnlet subtends a prism angle, such as 
122, Each prisrnlet has a maximum thickness, which is defined to be the distance between 
the apex and the base of the pr isrnlet, such as the distance 1 20 between the apex \ 24 and the 
base 126 of the prisrnlet 104 In one embodiment, in dimension, the width of the sensing 
surface is more than ten times the maximum thickness of any piismlet in the sheet prism 100 
The prism angle can cover a wide range, such as approximately between 80 to 100 degrees, 
and the dimension of each entrance surface is substantially the same as the dimension of each 
exit surface 

The prismlets ate adjacent to each other In the present invention, iwo prismlets are 
considered as adjacent to each other if there is no extra pi ismlet in between There can be a 
gap between the two prismlets, such as the gap 1 18; however, the width of the gap is less 
than at least one-half the width of the prisrnlet next to the gap, such as the width of the gap 
118 being significantly less than the width 128 

In one embodiment, the orientations of the entrance surfaces are similar to each other 
and the orientations of the exit surfaces are similar to each othei Similar is defined as being 
within 20 degrees of 45 degrees from the Y-axis for the exit surfaces, and within 20 degrees 
of -45 degrees from the Y-axis for the entrance surfaces In another embodiment, the 
orientations of the entrance surfaces of all of the prismlets are substantially the same, and the 
orientation of the exit surfaces are substantially the same-substantially the same is defined as 
being differed by -less than five degrees, such as one being 42 degrees from the Y-axis, and 
the other being 40 degrees In yet another embodiment, the orientation of at least one of the 
entrance surfaces is intentionally made to be different from otheis, and the orientation of at 
least one of the exit surfaces is intentionally made to be different from others Any 
differences in orientations of the surfaces lead to distortion in the fingerprint image, and the 
distortion depends on the amount of differences 
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Note that at the base, the piismlets aie integral with a slab of the same material, which 
has a thickness 105, and which provides mechanical support for the piismlets In another 
embodiment, the piismlets with its slab is laminated on a glass substrate, or another type of 
transparent substrate to provide additional mechanical strength for the sheet prism; in this 
embodiment, the "slab" includes the glass substrate, and the surf ace of the glass substrate 
opposite to its laminating surface becomes the sensing surface 

One embodiment of the sheet prism is fabricated by plastic molding The cost of 
molding a plastic device is a function of lime needed for the plastic device lo cool down. 
Although the bulk prism can also be made by plastic molding, its bulkiness significantly 
increases the amount of time required for the molding to cool down. Thus, molding bulk 
prism is much more expensive than molding a sheet prism 

Figure 3 shows a first embodiment 200 of the present invention with the sheet prism 
100. A finger is placed on the sensing surface 102, which is parallel to the X-axis An 
extended light source 202 provides the illumination radiation for the sheet prism 100 The 
illumination angle 208, which is the angle between the illumination radiation and the Y-axis, 
is such that the radiation reaching the sensing surface 102 has an incident angle larger than 
the critical angle of the material of the sheet prism 100 and less than 90 degrees This 
ensures the incident radiation is being total internally reflected at the sensing surface 102 at 
locations without the finger ridges Thus, a portion of the illumination radiation entering a 
number of the entrance surfaces and incident at the sensing surface 102 is reflected through 
total internal reflection The reflected radiation emits from a number of the exit surfaces to 
create the fingerprint image Note that the sheet pnsm attenuates the radiation, but the loss is 
lower than the bulky single pr ism because the sheet prism is much thinnei 

In one embodiment, substantially the entire sensing surface is illuminated by the 
illumination radiation In the present invention, "substantially the entire sensing surface" 
means at least 50% of the sensing surface In another embodiment, the angle of incidence is 
approximately 45 degrees at the sensing surface 102. The orientation of the entrance surfaces 
is approximately -45 degrees from the Y-axis Thus, the angle of incidence of the 
illumination radiation on the entrance surfaces is about 90 degrees 

Substantial amount of the total-internally reflected radiation emits from a number of 
the exit surfaces to create the fingerprint image The emitted radiation is focused by a lens 
204 onto a detector array 206 
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Typically, both the size of the fingei and the size of the sensing surface are larger than 
the size of the detector an ay . This is because a smaller array is cheapei Thus, the lens 204 
also seives the function of de-magnification by having the object distance-the distance from 
the sensing surface 102 to the lens 204--IO be larger than the image distance— the distance 
f rom the lens 204 to the detector 206. 

Figure 4 shows an image of a fingerprint produced by one example of the 
embodiment shown in Figure 3, 

In one embodiment, with the emitted radiation reflected from the sensing surface at a 
reflection angle larger than the critical angle, such as 45 degree, imaging using off-the-shelf 
lens with the sensing surface parallel to the plane of the lens results in excessive aberrations 
To reduce aberrations, as shown in Figure 5A, the lens is tilted so that the sensing surface and 
the image plane intersect each other at the plane of the lens-n condition known as the 
Scheimpflug condition A detailed discussion on the Scheimpflug condition can be found in 
Modem Optical Engineering, 2nd Edition, written by Warren J. Smith, and published by 
McGraw-Hill in 1990 

In our example, the object plane 250 is the sensing surface 102; and the image plane 
is the plane at the surface of the detector array 206 Under such an imaging condition, the 
image is slightly distorted This is due to a number of reasons First, with the object plane 
250 slanted, a projected view rather than the normal view of the object is imaged As a 
result, the image is compressed Second, one end of the object plane 250 is closer to the lens 
204 than another end As a r esult, an ideal image 256 of a square may have the shape of a 
trapezoid, 254, as shown in Figure 5B 

Figure 6 shows a second embodiment 300 of the present invention that can 
significantly reduce the above described distortion in a f ingerprint image The basic idea is 
to bend the emitted radiation so that the optical axis of the lens is substantially perpendicular 
to the sensing surface 102, and the abenation is maintained low This embodiment uses a 
second sheet prism 302 stacked together with the first sheet prism 100 just desciibed The 
second sheet prism 302 is similar to the first sheet pr ism UK) It also has a flat surface 304 
and a number of prismlets positioned opposite to the flat surface 304, which faces the 
prismlets of the first sheet prism 100. 

The second sheet prism 302 does noi have to be exactly the same as the first sheet 
prism 100 Again, for the second sheet prism 302, each prismlet has an entrance surface and 
an exit surface The orientations of the entiance suriaces is such that the illumination 
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radiation 306 is incident on the flat surface 304 at an incident angle less than the critical 
angle of the material of the second sheet prism 302. Also, the radiation emerges fr om the 
sheet prism 302 illuminates the sheet prism 100 at the appropriate angle so as to ensure total 
internal reflection at the sensing surface 302 With such limitations, substantia) amount of 
the illumination radiation from the second prism 302 propagates to the first prism 100 to 
substantially illuminate the entire sensing surf ace 102 Again, "substantially illuminate the 
entire sensing surface" means at least 50% of the sensing surface has been illuminated, Also, 
a substantial portion of the total-internally reflected radiation emits from the first sheet prism 
100 into the second sheet prism 302, and then emits from a number of the exit surfaces of rhe 
second sheet prism 302 to create the image of the fingerpr int 

For the second sheet prism 302, in one embodiment, the flat surface 304 is parallel to 
the X-axis The orientations of the entrance sui faces of the second sheet prism 302 are 
srmilai to each other, and the orientations of the exit surfaces are similar to each other. In 
another embodiment, the prism angle covers a wide range, such as approximately between 80 
to 100 degrees, and the dimensions of each entrance surface is substantially the same as the 
dimensions of each exit surface If the pi ism angle for both prism sheets is 90 degrees, and if 
the entrance surfaces and the exit suj faces are of substantially the same dimensions, the 

T ■ - 

orientation of the illumination radiation covers the lange from approximately 16 to 29 
degrees from the Y-axis 

Comparing the emitted radiation towards the lens and the illumination radiation in 
Figure 3 with those in Figure 6, one can see that the piismicts in the second sheet has 
significantly "bent" the radiation in Figure 6 towards the Y-axis It has been found 
experimentally that with an average off-the-shelf lens for the lens 204, its aberration is 
acceptable even if its optical axis is perpendicular to the sensing surface 102 as long as the 
exit angle 308 of the emitted radiation is not much bigger than 20 degrees fvpm the Y-axis 

Figure 7 shows the ray diagram of the lens in Figure 6 Note that object plane 250 (or 
the sensing surface 102) is perpendicular to the optical axis of lens 204, mid is parallel to the 
image plane 252, Such a configuration substantially reduces the distortion discussed above 

Figure 8 shows an image of a fingerprint produced by one example of the 
embodiment shown in Figure 6 

Figure 9 shows a third embodiment 400 incorporating the f irst embodiment of the 
present invention in a flat-profile package In the third embodiment, tor each prismlet, the 
prism angle is between about 70 to 1 10 dcgiees, with the dimensions of its entrance surface 
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substantially the same as that of the exit suitace, and the sensing surface being along the X - 
axis As an example, if the prism angle is 90 degrees, the orientation of the illumination 
radiation is about 40 to 57 degrees from the Y-axis 

The detector array is smaller than the sheet prism The lens 204 focuses the radiation 
emitted from a number of the exit surfaces to the detector array 206, and de-magnifies the 
image to be captured by the detector arr ay 206 

The system 400 has a maximum length 416 T a maximum width 414 and a maximum 
height 418, and two end surfaces 410 and 412 The system also includes an optical system 
with mirrors to fold the radiation emitted from the exit sui faces so as to change the ratio 
between the maximum length and the maximum width of the system 400 

Two end mirrors, 404 and 406 t in the optical system fold the emitted radiation The 
two minors are located close to a first end 410 of the system 400 In one embodiment each 
mirror is at one cornet of the system. For both mirrors, the slanting angle 420-dcfined as the 
angle between the plane of each mitroi and the bottom surface of the system 400-ean be 
experimentally found to told the emitted radiation back towards the detector array The sheet 
prism 100 and the detector array 206 are located close to a second end 412 of the system 400 
The emitted radiation from the sheet pi ism 100 propagates approximately from the second 
end 412 of the system to the first end 410 ot the system The radiation is directed to be 
incident on the minor 404, which reflects it to the other mirror 406, which further reflects it 
back to the second end 412 of the system 400 to be received by the detector array 206 

The folding process changes one aspect ratio of the system 400 With the folding 
process, the length of the system 400 can be tedticed by approximately one-half There 
should be a certain distance between the sheet pi ism 100 and the lens 204 (the object 
distance), and between the lens 204 and the detectoi array 206 (the image distance), to 
achieve the desired de-magnification ratio The folding process reduces the length of the 
system 400, but still maintains the object and the image distance. 

In one embodiment, the system 400 is also flattened, which reduces the maximum 
height of the system 400 Note that in order to ensure the appropriate de-magnification ratio, 
the emitted radiation 422 should propagate a certain distance before reaching the lens 204 
One way to achieve the distance requirement is to allow the emitted radiation 422 to continue 
to propagate along its path, as shown in Figuie 9, but tot a much longer distance, and then 
fold the radiation back to be received This requires the system to be quite thick Another 
way is to include the top and the bottom minors, 408 and 402 respectively, in the optical 

- 8 - 



WO 97/43735 

PCT/US9 7/08084 



system The top and the bottom minors produce the extended path length without requiring a 
thick package. With those minors, the package is significantly flattened. 

Working Bxamp W 

The invention will be further clarified by a consideration of the following examples, 
which are intended to be purely exemplary of using the invention 

For a working example of the embodiment shown in Figure 3, the sheet prism is made 
of 3M's 90/50 Brightness Enhancement Film%o CBEF "). with a width and length of 30 by 
20 mm and having about 600 prismlets For each prismlet, the prism angle is 90 degrees, and 
its entrance surface is almost the same as its exit surface T he maximum thickness of the 
substantially identical prismlets is 25 micrometers The thickness of the .slab of the BEF is 

0 23 millimeter. It is laminated on a glass substrate that is 1mm thick The refractive index 
of BEF is approximately 1.58 and the reft active index of a glass substrate is approximately 

1 50. The sensing surface is parallel to the X-axis 

Nine large area light emitting diodes provide the illumination tadiation, with the 
illumination angle being 45 degrees from the Y-axis The exit angle is also 45 degrees from 
the other side of the Y-axis. A 31 mm focal length aspheric lens i.s used as the lens for 
focusing and for approximately five times de-magnification. The detector array is a Watec 
640 by 480 pixels CCD camera The array is powered by a 12 V DC power supply The 
output of the array is a standard NTSC video signal Figure 4 shows a f ingerprint' obtained 
by such a system 

For the embodiment shown in Figuie 6, a working example includes two 3M sheet 
prisms They are of the same size and shape and they aie glued together at their edges The 
illumination angle 208 is 19 degrees from the Y-axis The radiation exits the flat surface of 
the second sheet prism at an angle of approximately 45 deg.ees from the Y-axis, leading to 
the illumination angle to the first sheet prism to be again 45 degrees from the Y-axis. The 
exit angle 308 born the second sheet prism is about 19 degrees from the Y axis Figure 8 
shows the fingerprint obtained by such a system 

The working example for the embodiment shown in Figiue 9 includes the working 
example for the embodiment shown in Figure 3 with slight modification This working 
example includes a sensing surface of 311mm by 20mm. an aspheric lens with a 1 8mm focal 
length, a CCD camera with a detecting area of 3.6mm by 4 8mm, the minimum distance 
between the sensing surface and the bottom minor being about 22mm, and the two end 
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minors at the first end of the system being experimentally adjusted to reduce the thickness of 
the embodiment, while folding the emitted radiation back to the detector array The 
fingerprint sensing system made occupies a box that is 24mm high, 61mm wide and 73mm 
long. In contrast, commercially available fingerprint sensing systems typically measure 
approximately 75mm high, 125mm wide and 175mm long-more than 15 times bigger! 

Conclusion 

Different prism lets are applicable for the present invention For example, with the 
sensing surface parallel to the X-axis for each prismlct, the orientation of each entrance 
surface can be within approximately -45 degrees +/- 20 degrees from the Y -axis, and the 
orientation of each exit surface can be within approximately 45 degrees +/- 20 degrees from 
the Y-axis The dimension of each entrance surface does not have to be substantially the 
same as the dimension of each exit surface. For the embodiment shown in Figure 3, the 
illumination angle 208 can be approximately (45 +/- 20) degrees from the Y-axis; and for the 
embodiment shown in Figure 6, the illuminating angle can be approximately (19 +/- 10) 
degrees from the Y-axis Fingerprint images can be generated by the above different values 
However, some values create mote distortion in the image, and some values create shadows 
leading to missing parts of the fingerprint in the image Picking different values depend on 
the intent on using the present invention. 

The present invention describes the illumination radiation substantially illuminating 
the entire sensing surface Typically, the sensing surface is not much larger than the size of a 
finger. However, the present invention is applicable to the f lat surface of a sheet prism being 
larger than its sensing area In one embodiment, a ceitain ar ea on the flat sur f ace is identified 
to be the sensing surf ace, and a finger to be imaged should be positioned in that area Again 
the illumination radiation substantially illuminates the entire sensing surface 

In another embodiment, the third embodiment incorporates the second embodiment of 
the present invention, but with the mirrors at different positions 

A flat-prof ile fingerprint sensing system is ergonomic, aesthetically pleasing and 
convenient to use. In fact, many application required a flat and compact package For 
example, a flat-profile compact fingerprint sensing system applying such as the first, second 
or third embodiment of the present invention, can be used as an authentication device to 
authenticate identity, or an identification device to resolve identity The device can control a 
lock for a doot to replace mechanical keys The device can be in a computet to allow access 
to the computer, or to transmit information on one s identity through the computer to a 
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network Similarly, the device can be in a personal communication system, such as a 
telephone, a pager, a cellular phone, a f ax machine, to allow access to the personal 
communication system or to transmit information on one's identity through the personal 
communication system The device can be used to control access to a personal tool, such as 
for safety reasons For example, the device can be incorporated in a chain-saw so that only 
the person who has the fingerprint matching a pre-stored fingerprint in the chain-saw can 
start the device The device can be used to conttol access to a television or to one or more 
channels of the television, such as only certain people can access the adult channel. The 
device can also be in an automatic teller machine to verify the identity of its user . A flat- 
profile compact fingerpiint sensing system, applying the first, second or third embodiment of 
the present invention, can also be used in a recotding device Whenever one is checking out 
a book from a library, or renting a CD from a video -rental shop, the device records the 
identity of its user It should be obvious to those skilled in the different an. such as the art ol 
telephone or chain-saw, to implement the piesent invention to those disciplines. Thus, the 
present disclosure will not further discuss the implementation process 

From the foregoing, it should be appreciated that a fingerprint sensing system has 
heen invented that is smaller and cheaper than any commercially available system Other 
embodiments of the invention will be apparent to those skilled in the art ftom a consideration 
of this specif ication or practice of the invention disclosed herein It is intended that the 
specification and examples be considered as exempkuy only, with the true scope and spirit of 
the invention being indicated bv the following claims 
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CLAIMS 



We claim: 



1 A fingerprint sensing system comprising: 
a sheet prism having 

a sensing surface, 

a plurality of prismlets positioned opposite to the sensing surface, 
each prismlet having an entrance surface and an exit surface, 
each prismlet being adjacent to another pr ismlet, 

the width of the sheet being more than ten times the maximum thickness of 

any one of the prismlets; 

such that when a finger is positioned on the sensing surface, a poition of illumination 
radiation illuminating the system, entering a plurality of the entrance surfaces and incident at 
the sensing surface is reflected through total internal reflection and emitted from a plurality 
of the exit surfaces to create an image of the fingerprint 

2 A fingerprint sensing system as recited in claim 1 wherein all of the entrance surfaces 
of the prismlets have similar orientation, and all of the exit surf aces of the prismlets have 
similar orientation 

3 A fingerprint sensing system as recited in claim 2 wherein the orientations of at least 
one of the entrance surfaces is made different from others, and the orientations of at least one 
of the exit surf aces is made different f torn others, so as to intentionally distort the image of 
the fingerprint 

4 A fingerprint sensing system as recited in claim 2 wherein the orientation of the 
entrance surfaces ate substantially the same., and the orientations of the exit surfaces are 
substantially the same. 

5 A fingerprint sensing system as recited in claim t further comprising a transparent 
substrate to enhance mechanical support for the sheet prism 

6 A fingerprint sensing system as recited in claim 1 wherein foi each prismlet, 
the angle subtended by the entiance surface and the exit surface is substantially 

between 80 and 100 degrees; and 
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the entrance surface is about the same dimension as the exit surface 

7 A fingerprint sensing system as recited in claim 6 wherein the angle subtended by the 
entrance surface and the exit surface is substantially 90 degrees. 

8 A fingerprint sensing system as recited in chum 1 wherein substantially the entire 
sensing surface is illuminated by the illumination radiation 

9 A fingerprint sensing system as recited in claim ] wherein substantial amount of the 
total-internally-reflccted radiation emits from a number of the exit surfaces to create the 
image of the fingerprint 

10 A fingerprint sensing system as recited in claim 1 further comprising: 
a detector array; and 

a lens to focus the radiation emitted from a number of exit surfaces to the detector 
array to form the image 

11. A fingerprint sensing system as recited in claim 1 further comprising a second sheet 
prism stacked together with the sheet prism as recited in claim 1, the second sheet prism 
having a Flat surface and a plurality of prismleis positioned opposite to the flat surface, which 
faces the prismleis of the sheet prism recited in claim 1 

12 A fingerprint sensing system as recited in claim 1 1 wherein: 
each prismlet in the second sheet has an exit surface: and 
the system further comprises: 

a lens to focus the radiation emitted from a number of the exit surfaces of the second 

sheet to form the image, whose distortion is reduced due to the second sheet prism 

> 

13 A fingerprint sensing system as recited in claim 12 wherein the optical axis of the lens 
is substantially perpendicular to the sensing surface 

14 A fingerprint sensing system as recited in claim 1 wherein: 

the sensing system extends across a maximum length, a maximum width and a 
maximum height; and 

the system further comprises: 

a detector array at least whose width is smaller than the width of the shea 

prism; 
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a lens to focus the radiation emitted from the exit surfaces to the detector 
array, and to de-magnify the image to be captured by the detector an ay: and 

an optical system with minot s to fold the emitted radiation so as to change the 
ratio between the maximum length and maximum width of the sensing system 

15 A fingerprint sensing system as recited in claim 14 wherein for each prismlet, 
the angle subtended by the entrance surface and the exit surface is substantially 

between 85 and 95 degrees; and 

the entrance surface is about the same dimension as the exit surface. 

16 A fingerprint sensing system as recited in claim 15 wherein: 

the sensing system has a first and a second end surfaces, with the sheet prism and the 

detector array located close to the first end surface; and 

the optica] system includes two mirrors located close to the second end surf ace of the 
sensing system to fold the emitted radiation by receiving the emitted radiation from the sheet 
prism and reflecting it back to the detecsor array close to the first end surface 

17. A fingerprint sensing system as recited in claim 16 wherein: 

the sensing system includes a top and a bottom surface, with the sheet prism on the 

"I— - 

top surf ace; and 

the optical system fimhei includes minors on both the top and the bottom surf aces to 
reflect the emitted i adiution so as to reduce the maximum height ot the system. 

18 An authentication device comprising a fingerprint sensing system as recited in claim 
1 

19 A lock comprising a fingerprint sensing system as recited in claim 1 

20 A computer comprising a fingerprint sensing system as recited in claim 1 to control 
access to the computer . 

21. A computer comprising a fingerprint sensing system as recited in claim 1 such that 
information related to a fingeiprint can be transmitted to a network 

22 A personal communication system comprising a fingerprint sensing system as recited 
in claim 1 to control access to the personal communication system. 
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23 A personal communication system comprising a fingerprint sensing system as recited 
in claim 1 such that information related to fingerprints can be transmitted through the 
personal communication system 

24 A personal tool comprising a fingerprint sensing system as recited in claim 1 so as to 
control access to the personal tool. 

25. A television comprising a fingerprint sensing system as recited in claim 3 to allow 
control to a channel of the television 

26. An automatic idler machine comprising a fingerprint sensmg system as recited in 
claim 1 to verif y the identity of us user 

27, A recording device comprising a fingerprint sensing system as recited in claim 1 to 

record the identity of its user . 
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